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Table S1 Physical properties and chemical identity of deca-BDE (BDE-209)

Physical /Chemical Values

CASRN 1163-19-5
Synonyms 2,2°,3,3°,4.4°,5,5°,6,6’-decaBDE; BDE-209;
deca-BDE; benzene,
1,1’-oxybis[2,3,4,5,6-pentabromo]-;
decabromodiphenyl oxide; decabromodiphenyl
ether; decabromobiphenyl ether; ether,

bis(pentabromophenyl)
Physical state Solid
Melting point, C 290-306
Boiling point, ‘C decomposes at >320°C
Vapor pressure at 21°C, 4.63x10°°
Pa
Henry’s Law constant, 1.93x10®
atm m’/mole
Density, g/cm’ 3.0
Water  solubility at <0.1
25°C, png/L
Henry’s Law constant 0.04
(Pa m*/mol) at 25°C
LogKow 6.3-12.6
LogKo. 6.3
Molecular weight 959.17
Chemical formula C,Br;00
Flammability not applicable
Autoflammability not applicable
Explosive properties none
Oxidising properties none
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Table S2 Thyroid hormone concentrations measured in human serum samples (n=36)

Thyroid hormones TSH (uIlU mL-1) T3 (ngmL") fT3 (pgmL") T4 (ugdL") T4 (ngdL™)

Normal range 0.35-5.29 0.8-1.9 3.0-6.5 5.0-13.0 0.88-1.85
Geometric mean 2.04 1.27 3.89 7.32 1.24
Standard deviation 1.10 0.38 0.90 2.68 0.32
Mid-value 1.59 1.29 3.98 6.38 1.26
5™ percentile 0.96 0.73 2.26 4.40 0.91
95" percentile 3.96 1.91 4.79 11.67 1.69

The data is from ref 6.
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Table S3 The concentrations of BDE-209 and nona-BDE in influent, effluent and dewatered sludge in three different waste water treatment plants in China

Location Site description Collection Concentration of BDE-209 Concentration of nona-BDE Ref
year Range (mean) Range (mean)
Hong Kong, south Municipal and industrial 2011-2013  Influent 12.73-71.34 (30) ng L Not detected 7
China wastewater Effluent 23-96 (20) ng L'
Sludge n.d.-66.6 (63) ng g
Hefei, east China The city’s oldest and largest 2011 Influent 186.010 ng L™ Not detected 8
wastewater facility of the Effluent 36.800 ng L™
surrounding Chaohu Lake Sludge no data
basin
Shanghai, south China A conventional WWTP 2010-2011  Effluent n.d.-0.16 (0.064) ng L™ n.d.-0.08 (0.064) ng L' (BDE-208) 9

Effluent no data

Sludge 1453 ng L'

n.d.-0.08 (0.094) ng L' (BDE-207)
n.d.-0.29 (0.083) ng L' (BDE-206)

6.6 ng L' (BDE-208)
43 ng L' (BDE-207)
2.8 ng L' (BDE-206)
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Figure S1. Relative abundances of BDE-209 in media from the areas surrounding deca-BDE
manufacturers in China. """’
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Figure S2. Relative abundances of BDE-209 in media from wastewater treatment plants in
China. ™

S6



Ailr Soil Biota

100%
A A : :
A - A
A
A
v
80% : §
. ;
n A 4 it v N s
w v 5 A
2 6% ; s
a ¥ :
J" -, : ‘
\ ¥ AE
o) |
o !
N 40% ;
o | a
[aa] é A
@) b v ' a
: A
: N
20% j
A é L
+ Urban P §
+ Rural f ‘ st
v 1 v ! A A v
0% IIIII|lllllllllllllIII|llllllllIIIlIIIIIIIIIllllllllllIIIIIIlllIIIIIIIIIII‘IIIIIIllIIlIIIIII
&om\u\q\ SO S \Z,e%» 2K .@g @‘z@ RO é, Skt @5\ ""o%«\"‘«“’%""o“m"? \\@o&@
‘gv“’o@ % g NS "< o o@e@ oo R e:?» RS R RN BN z e\
o e Qs Q \1. q\\\.i\a&b@ s}@ \-(
DR S & & 3’ RSO ‘3{‘1 3 ST
RS SRR s%s“eﬁ'* RN ‘b%z X %
&
[€X©) @é‘& \@ Qv“%“\° é‘\’\%%\ °0‘ q& O &
Nl RS SN RN 0‘
L& & D \‘"
A ot &
0‘\0‘\ 5‘>Q @\\
S
o

SI Figure 3. Relative abundances of BDE-209 in media from urban and rural areas in China.
18-32

S7



Air Water

Sediment

100% - e
A EEm
A A A
[ ]
A
A
4 [}
80% A AN ]
7. A
A
> i) F
= H
a P .
== H
2 60% -
S
o
= A
a 40%
-4}
- A
A
20%
" e Lake
= River
— e A Ocean
= ]
0% i e o8 m_ B =
T T T T T T T T e T T e T T e T T e T T rr T TeTT
FE & O S EIGTIOICICIC RN
'ﬁ.‘\"'%o\‘ é‘&;% \\-,:. A '\?“Q\'\‘»@"i‘f’é"cé*a@@@“ OTORS & 93"&3'&& Sy
&S QQVQ' S @\0:\,&,\ NN s‘,'?° S @z S (.,7.\ é‘.&*&o‘&@sw"\
S S OF O S & e & BRSNS
O X R R S S IO
S S S ™ Ot T S S ¢
S e"‘,«"‘\«"’@ Qf NGNS < ""VQQ'EP; Qéa( W&
“:o“v\(\%f;{& Q® i\é;“\‘e '°&i \‘30
) d c’e“ S °Q°°~ ) o &
S S E & & ™ &
P Y CSH )
QS <8
(Qé(Q&(Q&: g“s‘-
DY S
S T ¢
& PO
ot £
8
«

SI Figure 4. Relative abundances of BDE-209 in media from lakes, rivers and oceans in

17, 33-47

China

S8




Reference

1. EPA., U. S., Decabromodiphenyl ether. Substance Registry System. U.S. Environmental
Protection Agency, Washington, DC. Available online at http://www.epa.gov/srs. 2004.

2. ATSDR, Toxicological profile for polybrominated biphenyls and polybrominated diphenyl ethers.
Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. Available online
at http://www.atsdr.cdc.gov/toxprofiles. 2004.

3. Hardy, M. L., A comparison of the properties of the major commercial PBDPO/PBDE product to
those of major PBB and PCB products. Chemosphere 2002, 46 (5), 717-728.

4. ECB, Bis(pentabromophenyl) ether. Summary risk assessment report. Luxembourg: Office for
Official Publications of  the European Communities. Available online at
http://echa.europa.eu/documents/10162/0d251331-31ea-4963-aeb0-f97ea886d594. 2003.

5. Cetin, B.; Odabasi, M., Measurement of Henry's law constants of seven polybrominated diphenyl
ether (PBDE) congeners as a function of temperature. Atmospheric Environment 2005, 39 (29),
5273-5280.

6. Li, M.-y; Jin, J.; Yang, C.-q.; Wang, Y.; Ding, W.-w.; Yang, X.-f.; Liu, A.-m., Correlations
Between PBDEs and Thyroid Hormone Concentrations in Adults from Production Source Area.
Huanjing Kexue 2011, 32, 3271-3276.

7. Deng, D.; Chen, H.; Tam, N. F., Temporal and spatial contamination of polybrominated diphenyl
ethers (PBDEs) in wastewater treatment plants in Hong Kong. The Science of the total environment
2015, 502, 133-142.

8. Wang, X.; Xi, B.; Huo, S.; Sun, W.; Pan, H.; Zhang, J.; Ren, Y.; Liu, H., Characterization,
treatment and releases of PBDEs and PAHs in a typical municipal sewage treatment plant situated
beside an urban river, East China. Journal of environmental sciences 2013, 25 (7), 1281-1290.

9. Xiang, N.; Zhao, X.; Meng, X. Z.; Chen, L., Polybrominated diphenyl ethers (PBDEs) in a
conventional wastewater treatment plant (WWTP) from Shanghai, the Yangtze River Delta: Implication
for input source and mass loading. The Science of the total environment 2013, 461-462, 391-396.

10. He, S.; Li, M.; Jin, J.; Wang, Y.; Bu, Y.; Xu, M.; Yang, X.; Liu, A., Concentrations and trends of
halogenated flame retardants in the pooled serum of residents of Laizhou Bay, China. Environmental
Toxicology and Chemistry 2013, 32 (6), 1242-1247.

11. Wang, Y.; Xu, M.; Jin, J.; He, S.; Li, M.; Sun, Y., Concentrations and relationships between
classes of persistent halogenated organic compounds in pooled human serum samples and air from
Laizhou Bay, China. Science of the Total Environment 2014, 482, 276-282.

12. Wang, G.; Peng, J.; Yang, D.; Zhang, D.; Li, X., Current levels, composition profiles, source
identification and potentially ecological risks of polychlorinated biphenyls (PCBs) and polybrominated
diphenyl ethers (PBDESs) in the surface sediments from Bohai Sea. Marine pollution bulletin 2015, 101
(2), 834-844.

13. Jin, J.; Liu, W.; Wang, Y.; Tang, X. Y., Levels and distribution of polybrominated diphenyl ethers
in plant, shellfish and sediment samples from Laizhou Bay in China. Chemosphere 2008, 71 (6),
1043-1050.

14. Jun, J. I. N.; Ying, W.; Weizhi, L. I. U.; Xiaoyan, T., Level and distribution of polybrominated
diphenyl ethers in soil from Laizhou Bay. Acta Scientiae Circumstantiae 2008, 28 (7), 1463-1468 (in
Chinese).

15. Li, M.-y.; Jin, J.; Yang, C.-q.; Wang, Y.; Ding, W.-w.; Yang, X.-f.; Liu, A.-m., Correlations
Between PBDEs and Thyroid Hormone Concentrations in Adults from Production Source Area.
Huanjing Kexue 2011, 32 (11), 3271-3276 (in Chinese).

16. Pan, X.; Tang, J.; Li, J.; Zhong, G.; Chen, Y.; Zhang, G., Polybrominated diphenyl ethers (PBDEs)
in the riverine and marine sediments of the Laizhou Bay area, North China. Journal of Environmental
Monitoring 2011, 13 (4), 886-893.

17. Zhen, X.; Tang, J.; Xie, Z.; Wang, R.; Huang, G.; Zheng, Q.; Zhang, K.; Sun, Y.; Tian, C.; Pan, X_;
Li, J.; Zhang, G., Polybrominated diphenyl ethers (PBDEs) and alternative brominated flame retardants
(aBFRs) in sediments from four bays of the Yellow Sea, North China. Environmental pollution
(Barking, Essex : 1987) 2016, 213, 386-394.

18. Chen, L. G.; Mai, B. X,; Bi, X. H.; Chen, J. S.; Wang, X. M.; Ran, Y.; Luo, X. J.; sHENG, G. Y;
Fu, M. J.; Zeng, E. Y., Concentration Levels, Compositional Profiles, and Gas-Particle Partitioning of
Polybrominated Diphenyl Ethers in the Atmosphere of an Urban City in South China. The Science of
the total environment 2006, 40 (4), 1190-1196.

19. Chen, D.; Mai, B. X.; Song, J.; Sun, Q. H.; Luo, Y.; Luo, X. J.; Zeng, E. Y.; Hale, R. C.,
Polybrominated Diphenyl Ethers in Birds of Prey from Northern China. Environmental science &
technology 2007, 41 (6), 1828-1833.

20. Zou, M. Y.; Ran, Y.; Gong, J.; Mai, B. X.; Zeng, E. Y., Polybrominated Diphenyl Ethers in

S9



Watershed Soils of the Pearl River Delta, China: Occurrence, Inventory, and Fate. Environmental
science & technology 2007, 41 (24), 8262-8267.

21. Hu, G. C.; Luo, X. J.; Dai, J. Y.; Zhang, X. L.; Wu, H.; Zhang, C. L.; Xu, M. Q.; Mai, B. X.; Wei,
F. W., Brominated Flame Retardants, Polychlorinated Biphenyls, and Organochlorine Pesticides in
Captive Giant Panda (Ailuropoda melanoleuca) and Red Panda (Ailurus fulgens) from China.
Environmental science & technology 2008, 42 (13), 4704-4709.

22. Zhang, B. Z.; Guan, Y. F;; Li, S. M.; Zeng, E. Y., Occurrence of Polybrominated Diphenyl Ethers
in air and precipitation of the Pearl River Delta, South China: Annual washout ratios and depositional
rates. The Science of the total environment 2009, 43 (24), 9142-9147.

23. Man, Y. B.; Lopez, B. N.; Wang, H. S.; Leung, A. O.; Chow, K. L.; Wong, M. H., Cancer risk
assessment of polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) in
former agricultural soils of Hong Kong. Journal of hazardous materials 2011, 195, 92-99.

24. Xu, Y.; Zhang, G.; Li, J.; Liu, X.; Li, X., Atmospheric polybrominated diphenyl ethers (PBDEs)
and Pb isotopes at a remote site in Southwestern China: Implications for monsoon-associated transport.
The Science of the total environment 2011, 409 (21), 4564-4571.

25. Yu, L. H.; Luo, X. J.; Wu, J. P.; Liu, L. Y.; Song, J.; Sun, Q. H.; Zhang, X. L.; Chen, D.; Mai, B.
X., Biomagnification of Higher Brominated PBDE Congeners in an Urban Terrestrial Food Web in
North China Based on Field Observation of Prey Deliveries. Environmental science & technology 2011,
45 (12), 5125-5131.

26. Wang, Y.; Lam, J. C.; So, M. K.; Yeung, L. W.; Cai, Z.; Hung, C. L.; Lam, P. K., Polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), dioxin-like polychlorinated
biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) in waterbird eggs of Hong Kong,
China. Chemosphere 2012, 86 (3), 242-247.

27. Yuan, G. L.; Han, P.; Xie, W.; Che, X. C.; Wang, G. H., Altitudinal distribution of polybrominated
diphenyl ethers (PBDEs) in the soil along Central Tibetan Plateau, China. The Science of the total
environment 2012, 433, 44-49.

28. Zhang, B. Z.; Zhang, K.; Li, S. M.; Wong, C. S.; Zeng, E. Y., Size-dependent dry deposition of
airborne Polybrominated Diphenyl Ethers in urban Guangzhou, China. Environmental science &
technology 2012, 46 (13), 7207-7214.

29. Yang, M.; Qi, H.; Jia, H. L.; Ren, N. Q.; Ding, Y. S.; Ma, W. L.; Liu, L. Y.; Hung, H.; Sverko, E.;
Li, Y. F.,, Polybrominated Diphenyl Ethers in air across China: Levels, Compositions, and gas-particle
partitioning. Environmental science & technology 2013, 47 (15), 8978-8984.

30. Zhao, Y.; Ma, J.; Qiu, X.; Lin, Y.; Yang, Q.; Zhu, T., Gridded field observations of polybrominated
diphenyl ethers and decabromodiphenyl ethane in the atmosphere of North China. Environmental
science & technology 2013, 47 (15), 8123-8129.

31. He, W.; Qin, N.; He, Q. S.; Kong, X. Z.; Liu, W. X.; Wang, Q. M.; Yang, C.; Jiang, Y. J.; Yang, B.;
Bai, Z. L.; Wu, W. J.; Xu, F. L., Atmospheric PBDEs at rural and urban sites in central China from
2010 to 2013: Residual levels, potential sources and human exposure. Environmental pollution 2014,
192,232-243.

32. Wu, M. H,; Pei, J. C.; Zheng, M.; Tang, L.; Bao, Y. Y.; Xu, B. T.; Sun, R.; Sun, Y. F.; Xu, G.; Lei,
J. Q., Polybrominated diphenyl ethers (PBDEs) in soil and outdoor dust from a multi-functional area of
Shanghai: Levels, compositional profiles and interrelationships. Chemosphere 2015, 118, 87-95.

33. Mai, B. x.; Chen, S. J.; Luo, X. J.; Chen, L. G.; Yang, Q. S.; Sheng, G. Y.; Peng, P. G.; Fu, J. M,;
Zeng, E. Y., Distribution of Polybrominated Diphenyl Ethers in Sediments of the Pearl River Delta and
Adjacent South China Sea. Environmental science & technology 2005, 39 (10), 3521-3527.

34. Chen, S. J.; Luo, X. J.; Lin, Z.; Luo, Y.; Li, K. C.; Peng, X. Z.; Mai, B. X.; Ran, Y.; Zeng, E. Y.,
Time Trends of Polybrominated Diphenyl Ethers in Sediment Cores from the Pearl River Estuary,
South China. Environmental science & technology 2007, 41 (16), 5595-5600.

35. Guan, Y. F; Wang, J. Z.; Ni, H. G.; Luo, X. J.; Mai, B. X.; Zeng, E. Y., Riverine inputs of
Polybrominated Diphenyl Ethers from the Pearl River Delta (China) to the coastal ocean.
Environmental science & technology 2007, 41 (17), 6007-6013.

36. Wu, J. P; Luo, X. J.; Zhang, Y.; Luo, Y.; Chen, S. J.; Mai, B. X.; Yang, Z. Y., Bioaccumulation of
polybrominated diphenyl ethers (PBDEs) and polychlorinated biphenyls (PCBs) in wild aquatic species
froman electronic waste (e-waste) recycling site in South China. Environment international 2008, 34
(8), 1109-1113.

37. Xian, Q.; Ramu, K.; Isobe, T.; Sudaryanto, A.; Liu, X.; Gao, Z.; Takahashi, S.; Yu, H.; Tanabe, S.,
Levels and body distribution of polybrominated diphenyl ethers (PBDEs) and
hexabromocyclododecanes (HBCDs) in freshwater fishes from the Yangtze River, China. Chemosphere
2008, 71 (2), 268-276.

38. Chen, L.; Huang, Y.; Peng, X.; Xu, Z.; Zhang, S.; Ren, M.; Ye, Z.; Wang, X., PBDEs in sediments

S10



of the Beijiang River, China: Levels, distribution, and influence of total organic carbon. Chemosphere
2009, 76 (2), 226-231.

39. Wang, Z.; Ma, X.; Lin, Z.; Na, G.; Yao, Z., Congener specific distributions of polybrominated
diphenyl ethers (PBDEs) in sediment and mussel (Mytilus edulis) of the Bo Sea, China. Chemosphere
2009, 74 (7), 896-901.

40. Yu, M.; Luo, X. J.; Wu, J. P;; Chen, S. J.; Mai, B. X., Bioaccumulation and trophic transfer of
polybrominated diphenyl ethers (PBDEs) in biota from the Pearl River Estuary, South China.
Environment international 2009, 35 (7), 1090-5.

41. Li, Q.; Yan, C.; Luo, Z.; Zhang, X., Occurrence and levels of polybrominated diphenyl ethers
(PBDEs) in recent sediments and marine organisms from Xiamen offshore areas, China. Marine
pollution bulletin 2010, 60 (3), 464-469.

42. Qiu, X.; Zhu, T.; Hu, J., Polybrominated diphenyl ethers (PBDEs) and other flame retardants in
the atmosphere and water from Taihu Lake, East China. Chemosphere 2010, 80 (10), 1207-1212.

43. Li, Y,; Lin, T.; Chen, Y.; Hu, L.; Guo, Z.; Zhang, G., Polybrominated diphenyl ethers (PBDEs) in
sediments of the coastal East China Sea: Occurrence, distribution and mass inventory. Environmental
pollution 2012, 171, 155-161.

44. Zhu, H.; Wang, Y.; Wang, X.; Luan, T.; Tam, N. F., Distribution and accumulation of
polybrominated diphenyl ethers (PBDEs) in Hong Kongmangrove sediments. The Science of the total
environment 2014, 468-469, 130-139.

45. Wang, G.; Peng, J.; Yang, D.; Zhang, D.; Li, X., Current levels, composition profiles, source
identification and potentially ecological risks of polychlorinated biphenyls (PCBs) and polybrominated
diphenyl ethers (PBDEs) in the surface sediments from Bohai Sea. Marine pollution bulletin 2015, 101
(2), 834-844.

46. Wang, X. T.; Chen, L.; Wang, X. K.; Zhang, Y.; Zhou, J.; Xu, S. Y.; Sun, Y. F; Wu, M. H,,
Occurrence, profiles, and ecological risks of polybrominated diphenyl ethers (PBDEs) in river
sediments of Shanghai, China. Chemosphere 2015, 133, 22-30.

47. Wang, G.; Peng, J.; Zhang, D.; Li, X., Characterizing distributions, composition profiles, sources
and potential health risk of polybrominated diphenyl ethers (PBDEs) in the coastal sediments from East
China Sea. Environmental pollution 2016, 213, 468-481.

S11



